Mednick has hypothesized that anoxia produced by pregnancy and birth complications causes hippocampal damage which in turn leads to schizophrenia in a predisposed individual. He further suggests that since the hippocampus exerts an inhibitory influence on reticular formation control of the adrenocorticotrophic hormone (ACTH), a lesion in the hippocampus could cause oversecretion of ACTH. Contrary to Mednick's position, the literature surveyed herein showed: (a) Hippocampal control of ACTH is not inhibitory. Experimentally induced lesions of the hippocampus inhibit or facilitate ACTH release depending on the type of stress induced, (b) There are species differences in the type of behavioral deficits observed after a hippocampectomy.
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(c) The site of anatomical destruction due to anoxia will differ depending upon the species studied and the gestation level of the fetus exposed to anoxic conditions. Hippocampal damage is seldom found in the premature or full-term neonate primate.
Over a decade ago, Mednick and Schulsinger initiated a project in Denmark to study the etiology of schizophrenia. The investigation involves the longitudinal study of children of schizophrenic mothers, a group who are at high risk for the development of schizophrenia (Mednick, 1970; Mednick & McNeil, 1968; Mednick & Schulsinger, 1968) . The first phase of the study involved assessing the high-risk children and a control group (children with normal mothers) on a variety of tests. Subsequently, as children in the high-risk group became deviant (the sick group), their earlier test behavior could be compared to that of the low-risk subjects (controls) and to that of the high-risk subjects who have not shown problems (wells).
Two findings which have thus far appeared seem to be particularly important. First, the subjects who have exhibited psychiatric disorders differed in their psychophysiological responses during a conditioning-generalization task. Those in the sick group returned more quickly to basal levels following a galvanic skin response (GSR) and showed faster GSR latency which, unlike that of other sub- jects, did not habituate (become slower) over trials. Further, on the nonreinforced generalization trials, subjects in the sick group showed greater resistance to extinction. Second, 70% of the high-risk children who had exhibited psychiatric disorders had experienced one or more pregnancy or birth complications as compared to 15% of the well group and 53% of the controls. The pregnancy or birth complications included anoxia, prematurity, prolonged labor, placental difficulty, umbilical cord complication, mother ill during pregnancy, multiple birth, and breech presentation. A high correlation was found between pregnancy or birth complications and deviant psychophysiological responding: "All the GSR differences between the sick and well groups could be explained by the PBCs [pregnancy or birth complications] in the sick group [Mednick, 1970, p. 56] ." The theoretical interpretation of these data is the topic of the present paper. Mednick (1970) has hypothesized that pregnancy or birth complications lead to anoxia which results in injury to the developing brain of the fetus or neonate. He has postulated that the likely site of such injury is the hippocampus and has marshalled evidence to attempt to show that hippocampally damaged animals perform similarly to the high-risk children in conditioning studies. He has linked the various results by speculating PEARL KESSLEK AND JOHN M. NEALE that hippocampal damage leads to a failure of inhibitory control over the secretion of the adrenocorticotrophic hormone (ACTH) which is then oversecreted during stress.
The suggested relationships are provocative but they can be questioned. We shall turn first to the relationship between the hippocampus, ACTH, and behavior and then examine pregnancy or birth complications, anoxia, and the neural structures which might be implicated.
HIPPOCAMPUS AND BEHAVIOR
Mednick's hypothesis concerning the functional role of the hippocampus revolves around two major points: (a) The hippocampus exerts an inhibitory influence over the reticular formation which functions to facilitate the release of ACTH. (6) Animals with hippocampal lesions behave similarly to the high-risk children who have broken down.
Hippocampus and ACTH
In accordance with the hypothesis that the hippocampus inhibits the release of ACTH, Mednick (1970) suggested that the habituation, conditioning, and extinction of the GSR in schizophrenics is abnormal because of hippocampal damage. The link made by Mednick between the GSR and the above biochemical mechanism is based on data (Knigge & Hays, 1963) obtained on ACTH release to ether stress. However, in contrast to Mednick's and Knigge and Hays' formulation, other investigators (Egdahl, 1960; Margili, Motta, & Martini, 1966; Yuwiler, 1971) propose that the predominant function of the reticular formation is tonic inhibition of ACTH release. Within this frame of reference, suppose the individual experiences a sudden, high-intensity, stressful sound. If the hippocampus usually inhibits the reticular formation and it were lesioned, the reticular formation would not be inhibited, a release of ACTH would not occur, and a short latency GSR would not result. In this case, the effects of stress would be exactly opposite to that observed by Mednick. However, no such simple function is here proposed. The relationship between hippocampus, ACTH, and the reticular formation is likely to be more complex. For example, inhibition or facilitation of ACTH can be elicited by electrical stimulation of discrete areas within the hippocampus as well as the reticular formation (Margili et al., 1966; Slusher & Hyde, 1961a , 1961b . Which effect is observed depends upon the experimental situation in which the animal is studied. In an operant situation, hippocampectomized rats showed a lower level of ACTH activity than did decorticated or unoperated controls during initial acquisition or experimental extinction of an appetitive response (Coover, Goldman, & Levine, 1971) . These same animals, however, demonstrated quite a normal elevated ACTH response to novelty in the environment and, contrary to the findings of Knigge and Hays (1963) , to etherization. How the animal would respond to the stress of intense sound-the unconditioned stimulus (UCS) in Mednick's studyor pain is unknown because the effects of ether stress cannot be extrapolated to peripherally induced trauma. Greer and Rockie (1968) , for example, used two methods to induce stress-breaking the animal's leg or administering ether. They found that the neural mechanisms involved in ACTH response to each situation differed.
This interaction between the function of the neural structure, the experimental situation, and the behavior measured has led to widely divergent theories of hippocampal function. Coover, Goldman, and Levine (1971) had gathered supportive evidence for an attentional process role for the hippocampus, while Knigge and Hays (1963) , who found higher levels of ACTH release to etherization as a result of hippocampal and reticular formation lesions, proposed an inhibitory function for the hippocampus. Lovely, Grossen, Moot, Bauer, and Peterson (1971) proposed a stress arousal function based on their finding that if the hippocampectomized rat is given immediate information on a change in contingencies-the conditioned stimulus (CS) no longer signals a noxious stimulus-its response during extinction is not different than that of control animals. In sum, the relationship between hippocampus and ACTH seems quite complex, depending on many variables. Mednick's simple hypothesis of the hippocampus exerting inhibitory control over the reticular formation and hence on the secretion of ACTH seems untenable.
Behavioral Similarities between Higk-Risk Children and Hippocampally Damaged Animals
In noting behavioral similarities between hippocampectomized animals and the highrisk children who have experienced pregnancy or birth complications, Mednick has not accounted for two basic problems: (a) the possibility that hippocampal damage will not result in the same disturbed reactivity for all species, and (b) behavior deficits, produced in a number of species by hippocampal damage, have been ignored. With reference to the first problem, hippocampal lesions do produce different effects depending upon the species studied. The difference undoubtedly reflects the extent of hippocampal participation in species behavior and the differences in complexity of behavior evidenced by each species. The hyperactivity of the lesioned rat, which Mednick equated with the behavior of the high-risk child, has been noted by Kimble (1968) and others.
3 But if the same area is ablated in the monkey, he is tame, lethargic, and exhibits no spontaneous activity. These animals do respond violently to pain, but the response is short lasting (Votaw, 1959) . Hippocampal removal is necessary in order to produce a docile animal -ablation of the overlying cortex does not impair the monkeys' spontaneity.
A common effect observed after hippocampal damage is a learning deficit. Various techniques which have been used to disrupt hippocampal function (surgical isolation, pharmacological intervention, and electrical stimulation) have significantly impaired acquisition of a reversal of habit (Uretsky & McCleary, 1969) ; retention of avoidance of punishing experience (Barcik, 1970; Lidsky & Slotnick, 1970) ; successive discrimination (Kimble, 1963) ; and short-term memory (Stepien, Cordeau, & Rasmussen, 1960) .
More pertinent to a schizophrenic population, numerous studies of humans have demonstrated the involvement of hippocampal function in the organization of such complex processes as learning and memory (Ervin & Anders, 1970) . Defects in the encoding and retrieval of information occur after such extremes as the surgical bilateral removal of the hippocampus and medial temporal cortex for relief from epilepsy (Corkin, 196S; Milner, 1970; Milner & Penfield, 1965) . Or the malfunction can occur in the mature human after discrete hippocampal lesions occurred as a result of anoxia (Dejong, Itagashi, & Olson, 1969) .
Similarly, disruption of the hippocampus appears to be the common denominator in the neuronal destruction that occurs in conditions such as Korsakoff-Wernicke encephalopathy (Collins, Victor, & Adams, 1961) and temporal lobe epilepsy (Milner, 1970) . In all of the above, the difficulty the human experiences in encoding and retrieving information occurs after the upset of the integrity of circuits in which the hippocampal structures appear to play an important part. The schizophrenia literature, however, does not indicate that such deficits are central to the syndrome. Nor did Mednick find evidence for such disturbances among his high-risk population.
In sum, hippocampal lesions do cause deficits in behavior. But the range of deficits observed is considerably broader than the problems Mednick has documented in his high-risk children. Moreover, as discussed, any inference made for hippocampal involvement in behavior or in biochemical mechanisms (ACTH release) must account for species differences in the behavior that is mediated by the hippocampus. This idea that there is a species-specific component to experimental results can be seen more clearly in the next section dealing with, birth defects.
DEVELOPMENTAL NEUROLOGY AND
PREGNANCY OR BIRTH COMPLICATIONS Much of Mednick's hypothesis (1970) that hippocampal lesions occur as a consequence of perinatal anoxia is based on Spector's PEARL KESSLER AND JOHN M. NEALE (1963, 196Sa) evidence on the vulnerability of this neural structure to oxygen deprivation. Spector's (1963) histological data on rats subjected to experimentally induced anoxia demonstrated destruction in the hippocampus, cerebellum, and some damage to the basal ganglia and Layers 2 and 3 of the cortex. But his animals were neither neonates nor immature pups; they were adults. Thus, there are two potential difficulties in generalizing Spector's results to high-risk children: the obvious problem of cross-species generalization and the possibility that anoxia has different effects depending on the maturity of the organism affected. Data indicate that both of-the problems are real. Spector (1965b) himself has pointed out that inferences made for one species based on the development of another are hazardous. Species differ in neural maturity at birth. For example, the guinea pig brain is far more mature than the rat brain; the primate demonstrates a level of maturity between the two. Neural structures that differ in their level of maturation differ in susceptibility to anoxia. Faro and Windle (1969) , for example, found that monkeys acutely and totally asphyxiated at birth most often incur damage to brain stem structures. Large focal lesions were found in many thalamic nuclei, the audio-vestibular system (the medial geniculate bodies, inferior colliculus, and superior olive), and the cerebellum. Histology performed on some of these monkeys eight months to 10 years after the neonatal experience show secondary transneuronal degeneration in the cortex and basal ganglia. Three of the 12 monkeys studied demonstrated hippocampal lesions of moderate degree. 4 Myers (1969a Myers ( , 1969b Myers ( , 1969c has investigated the effects of partial prolonged anoxia in the monkey fetus. With this technique of inducing anoxia, damage was observed in the 4 The behavior of these and similarly asphyxiated monkeys has been studied extensively (Sechzer, Faro, & Windle, 1973) . They show a temporary motor incoordination and a permanent deficit in short-term memory and complex discrimination. Unlike the emotional reaction of normal control monkeys, these animals demonstrated little reaction to the novelty in the environment and to their own errors in a discrimination test. cortex, basal ganglia, putamen, and sometimes the globus pallidus. Although the list of structures which can be damaged by anoxia is both long and variable from study to study, the important point for the present discussion is that there is no indication that the hippocampus of a lull-term primate brain is selectively vulnerable to anoxia.
There will also be differences in the brain damage sustained after a period of oxygen deprivation as a function of the gestational age of the fetus or maturational level of the individual. A detailed discussion of the developmental neurobiology of the fetus and individual is beyond the scope of this paper. But, in brief, there is an increased reliance on oxygen dependent metabolism for the organism's energy with increasing maturity. Enzymes, necessary for metabolic processes that supply the animal with energy, change their activity rate and even their very chemical composition or form with maturity. An increase in oxygen uptake, in an in vitro brain slice preparation, is many times greater in the mature as compared to the immature nervous system. The mature animal is therefore much more susceptible to the effects of oxygen deprivation (Jilek, 1970; Swaiman, 1970) .
It is not only that the whole brain changes its requirements, but there are also regional differences in oxygen use and liability to anoxia. In the young fetus, germinal layers are developing into deep-seated neural structures. Closer to full term, the cortical cells are undergoing proliferation. The premature human fetus, after 25-35 weeks of gestation, shows damage to the periventricular germinal matrix and white matter as a consequence of anoxia (Towbin, 1969 (Towbin, , 1970a (Towbin, , 1970b . The matrix upset will lead to glioses in the caudothalamic groove and interfere with the formation of the basal ganglia and other deep structures. In the full-term neonate, cell loss is scattered and not recognizable as a single structure. Most of the damage occurs in the cortex. The Betz cells of the precentral cortex and Purkinje cells of the cerebellum are somewhat less severely affected. The periventricular area and, contrary to findings in the adult human, the hippocampus do not suffer damage. Towbin considers the hippocampus a poor indicator of anoxic effects in the infant; a more likely site of cell loss in deep structures is the mesencephalic quadragemina (colliculi).
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Finally, whether the various pregnancy or birth complications noted by Mednick should be grouped in a single class can be questioned. Clearly, such a grouping is justifiable only if pregnancy or birth complications produce a common effect such as anoxia. But this is unlikely. The relationship between difficulties such as "mother ill during pregnancy" and anoxia is not at all clear.
CONCLUSIONS
We have criticized the hypothesis that a hippocampal lesion is selectively involved in schizophrenia. Although Mednick tentatively included other brain structures (e.g., the amygdala), the corroborative evidence he cited was for hippocampal involvement. Thus the relationship postulated between the hippocampus, GSR, and ACTH release was examined in the light of recent findings. Hippocampus functions in ACTH release appear to be situation and species specific. All stresses are not mediated by the same brain structure, and a dysfunction in a single structure does not cause the same deficit under all situations or with all animals. Mednick's impressive GSR findings remain, but the postulated relationship between these responses and hippocampal dysfunction lacks empirical support.
The effects of anoxia depend both on the species studied and the level of maturity at the time of anoxia. The hippocampus of the human fetus or neonate does not appear to be selectively vulnerable to anoxia. Linking the various pregnancy and birth complications together by positing that they all result in anoxia induced hippocampal damage is hazardous. Schizophrenia, then, is unlikely to be a result of hippocampal damage induced by anoxia. Mednick's data indicating an increased frequency of pregnancy and birth 6 The conditions found above may be the result of placental abnormalities, or compression or knotting of the cord, etc. Where the anoxia was secondary to and occurred as a consequence of seizures, hippocampal lesions were found. complications in schizophrenia remain, but their interpretation would seem very unclear at this time.
